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SPECIFICATION 
TITLE 

"AN APPARATUS, A SYSTEM AND A METHOD FOR POSITION 
MONITORING AND/OR CLEANING OF A MACHINE ELEMENT" 

5 This application is a Continuation-In-Part Application 

of co-pending U.S. Patent Application Serial No. 09/690,151 
filed on October 17, 2000. 

BACKGROUND OF THE INVENTION 
The present invention generally relates to an 
10 apparatus, a system and a method for measuring position of 

a machine element and/or cleaning a machine element. More 
specifically, the present invention relates to an apparatus 
providing a sensor capable of detecting the position of a 
machine element within a mechanical system as well as 
15 providing a means for preventing and/or eliminating the 
accumulation of contaminants onto a machine element, such 
as a piston rod, or the like. In addition, the present 
invention provides a system and a method for measuring 
position of a machine element as well as a system and a 
20 method for prevention of contaminant accumulation onto a 
machine element. 

It is, of course, generally known to measure position 
of a machine element in a mechanical system. System 
monitoring may lead to detection of irregularities within 
25 the system as well as an indication of the overall 

efficiency of the system. However, known monitoring 
systems generally utilize a sensor whereby contact is made 
between the sensor and the moving machine element. 
Moreover, extra components, such as sensors, attached to 
30 moving parts of a mechanical system may decrease the 
efficiency of the system. In other systems, a fluid, such 
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as, for example, oil, may be stored within the system. Oil 
contained within, for example, a cylinder, may prevent 
detection of the machine element within the cylinder 
because the machine element cannot be monitored visually 
5 within the cylinder. 

In addition, it is generally known to clean machine 
elements to prolong their period of use. Accumulation of 
contaminants onto machine elements can increase the wear on 
a machine element and decrease the period of use within a 

10 mechanical system. Furthermore, the accumulation of debris 
on a machine element may also decrease the efficiency of 
the machine element as well as the overall efficiency of 
the mechanical system. 

A need, therefore, exists for an improved measurement 

15 device, system and method for monitoring position of a 
machine element within a mechanical system. Moreover, a 
need exists for an improved device, system, and method for 
preventing accumulation of contaminants onto machine 
elements . 

20 SUMMARY OF THE INVENTION 

The present invention provides an apparatus, system 
and method for monitoring a position of a machine element 
in a mechanical system. More specifically, the present 
invention relates to an apparatus, system and method for 

25 monitoring a position of a piston head, and/or a shaft 
which may be connected to the piston, within a cylinder. 
The position may be determined as a function of an amount 
of light which may enter the cylinder. The light may be 
detected by a sensor within the cylinder. 

30 To this end, in an embodiment of the present 

invention, an apparatus is provided for monitoring 
position. The apparatus has a cylinder having walls 



defining an interior and further having a length defined 
between a first end and a second end. The apparatus also 
has a wall at the first end. In addition, the apparatus 
has a shaft having a length defined between a first end and 
a second end wherein a portion of the shaft is within the 
cylinder and wherein the shaft moves within the cylinder. 
The apparatus also has a head connected to the shaft. An 
aperture is provided within the wall at the first end 
wherein light projects through the aperture into the 
cylinder. The apparatus also has a sensor within the 
cylinder wherein the sensor detects intensity of light 
within the cylinder wherein the intensity corresponds to a 
position of the shaft. 

In an embodiment, the apparatus further has a second 
wall at the second end of the cylinder wherein the second 
wall encloses the cylinder. 

In an embodiment, the apparatus further has a second 
shaft within the cylinder. 

In an embodiment, the apparatus further has a fluid 

within the cylinder. 

In an embodiment, the sensor is adjacent to the second 

end of the cylinder. 

In an embodiment, the aperture is at a center of the 

wall . 

In an embodiment, the apparatus further has a light 
source adjacent to the first end of the wall wherein the 
light source projects the light through the aperture. 

In an embodiment, the apparatus further has a magnet 
adjacent to the cylinder wherein the magnet effects 

movement of the head. 

In another embodiment of the present invention, a 
system is provided for monitoring position. The system has 
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a cylinder having walls defining an interior and having a 
shaft within the interior wherein the shaft extends through 
a wall of the cylinder and wherein the shaft is movable 
within the cylinder and further wherein the cylinder has an 
5 aperture in the wall adjacent to the shaft. The system 
also has a sensor within the cylinder wherein the sensor 
detects light within the cylinder and wherein an amount of 
light detected by the sensor corresponds to a position of 
the shaft within the cylinder. 
10 In an embodiment, the sensor is located within the 

cylinder on a wall opposite the aperture. 

In an embodiment, the system has a fluid within the 
cylinder . 

In an embodiment, the system has a head attached to 

15 the shaft. 

In an embodiment, the system has a second shaft within 
the cylinder wherein the second shaft is movable within the 
cylinder . 

In an embodiment, the system has a window within the 

20 aperture. 

In an embodiment, the system has a light source 
adjacent to the aperture wherein the light source projects 
light through the aperture. 

In an embodiment, the system has a processor connected 

25 to the sensor. 

In an embodiment, the system has a coating on the 
shaft wherein the coating absorbs light. 

In another embodiment of the present invention, a 
method is provided for measuring a position of a shaft 
30 within a cylinder having walls defining an interior wherein 
the cylinder has an aperture within one of the walls and 
further wherein the cylinder has a shaft within the 



interior wherein the shaft is movable. The method has the 
steps of directing light into the cylinder through the 
aperture; detecting the light which enters the cylinder 
through the aperture; and relating an amount of light 
detected to the position of the shaft. 

In an embodiment, the method further has the step of 
moving the shaft within the cylinder. 

In an embodiment, the method further has the step of 
placing a fluid within the cylinder. 

It is, therefore, an advantage of the present 
invention to provide an apparatus, a system and a method 
for measuring the position of a machine element within a 
mechanical system, such as a pneumatic or hydraulic 
cylinder or the like, without contacting the moving machine 
element . 

Another advantage of the present invention is to 
provide an apparatus, a system and a method for measuring 
the position of a machine element within a mechanical 
system, that does not affect the motion of a machine 
element within a mechanical system. 

Yet another advantage of the present invention is to 
provide an apparatus, a system and a method for measuring 
the position of a machine element within a mechanical 
system to allow detection of irregularities within the 
system. 

Still another advantage of the present invention is to 
provide an apparatus, a system and a method for measuring 
the position of a machine element within a mechanical 
system to provide an indication of the overall efficiency 
of the mechanical system. 

Another advantage of the present invention is to 
provide an apparatus, a system and a method for cleaning a 
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machine element. 

Still another advantage of the present invention is to 
provide an apparatus, a system and a method for cleaning a 
machine element allowing for a longer period of use of the 
5 machine element . 

Yet another advantage of the present invention is to 
provide an apparatus, a system and a method for monitoring 
a position of a machine element within a cylinder wherein 
an aperture is provided in a cylinder to enable light to 
10 enter the cylinder and eliminate a need for a light source 
to be attached to the cylinder. 

Another advantage of the present invention is to 
provide an apparatus, a system and a method for monitoring 
a position of a machine element within a cylinder wherein 
15 a sensor is provided in a cylinder to detect light which 

may enter the cylinder wherein the sensor may be located in 
one or more areas of the cylinder. 

And, another advantage of the present invention is to 
provide an apparatus, a system and a method for monitoring 
20 a position of a machine element within a cylinder wherein 

a fluid, such as, for example, a gas or a liquid, may be 
used within the cylinder. 

Still further, an advantage of the present invention 
is to provide an apparatus, a system and a method for 
25 monitoring a position of a machine element within a 
cylinder wherein a magnet may effect movement of a head 
and/or shaft within a cylinder. 

Additional features and advantages of the present 
invention are described in, and will be apparent from, the 
30 detailed description of the presently preferred embodiments 

and from the drawings. 



BRTEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a cross-sectional view of a 
cylinder in an embodiment of the present invention. 

Figure 2 illustrates a black box diagram of an 
embodiment of the system of the present invention. 

Figure 3 illustrates a cross-sectional view of a 
cylinder in another embodiment of the present invention. 

Figure 4 illustrates a cross-sectional view of a 
cylinder in another embodiment of the present invention. 

Figure 5 illustrates a cross-sectional view of a 
cylinder in another embodiment of the present invention. 

Figure 6 illustrates a cross-sectional view of a 
cylinder in another embodiment of the present invention. 

Figure 7 illustrates a cross-sectional view of a 
cylinder in another embodiment of the present invention. 

Figure 8 illustrates a cross-sectional view of a 
cylinder in another embodiment of the present invention. 

Figure 9 illustrates a cross-sectional view of a 
cylinder in another embodiment of the present invention. 
DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 
The present invention generally relates to an 
apparatus, a system and a method for measuring position of 
a machine element and/or cleaning of a machine element, 
such as a piston rod or the like. 

Referring now to the drawings wherein like numerals 
refer to like parts. Figure 1 illustrates a cylinder 
machine element 10 having a shaft element 12 and a head 14 
that operates cooperatively with the cylinder 10 in a 
manner well-known to one of ordinary skill in the art. The 
cylinder 10 may preferably be hydraulic or pneumatic. The 
cylinder 10 may also be any other type of cylinder known to 
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one of ordinary skill in the art. 

The cylinder 10 further may have an end wall 15 that 
may be perpendicular to the shaft 12 and that may 
substantially enclose the cylinder 10. The end wall 15 may 
5 surround the shaft 12. A light source 18 may be positioned 

on the end wall 15 of the cylinder 10 with the light from 
the light source 18 projecting into the interior of the 
cylinder 10. The light source 18 may be an LED light 
source or any other light source known by those skilled in 
10 the art. In addition, a light sensor 20 may also be placed 
on the end wall 15 of the cylinder 10 with the detecting 
portion of the sensor 20 directed towards the interior of 
the cylinder 10. The light sensor 20 measures the 
intensity of light within the cylinder 10 emitted by the 
15 light source 18 into the interior of the cylinder 10. 

The cylinder 10 has an interior wall 16. The interior 
wall 16 may be coated with a substance 19 that may absorb 
a portion of the light emitted from the light source 18. 
The light absorbing coating 19 may be an anodizing 
20 compound. The surface 17 of the head 14 may also be coated 

with the light absorbing substance 19 or may be covered 
with a nitrile compound or other coating known by those 
skilled in the art to be light absorbing. Furthermore, the 
surface 24 of the shaft 12 may also be coated with a light 
25 absorbing substance 21 such as a nitrile compound, ceramic 

compound, or any other compound known by those skilled in 
the art to be coated onto a shaft that may also provide 
light absorbing and contaminant preventative properties. 
The coatings 19, 21 may have various colors that may affect 
30 and/or control the amount of light absorption. 

As the head 14 and the shaft 12 transpose through the 
cylinder 10, a portion of the light emitted from the light 



source 18 may be absorbed by the coating 19 on the interior 
wall 16. A portion of the light emitted by the light 
source 18 may also be absorbed by the coating 19, 21 on the 
head surface 17. Lastly, a portion of the light emitted by 
the light source 18 may be absorbed by the coating 21 on 
the shaft surface 24. The light sensor 20 measures the 
intensity of light within the interior of the cylinder 10 
that is not absorbed by the coatings 19, 21. The light 
sensor 20 may then transmit a signal indicative of the 
intensity to a processor 104, represented in Figure 2. The 
processor 104 may be programmed to translate the measured 
intensity of the light emitted by the light source 18 that 
is within the cylinder 10 into a position measurement of 
the head 14 or shaft 12 within the cylinder 10. 

In an alternate embodiment of the present invention, 
the cylinder 10 may have a groove 30 within an interior of 
an opposing end wall 32. Located within the groove 30 may 
be an additional light source 18 and/or an additional 
sensor 20. An advantage of placing the additional light 
source 18 and the additional sensor 20 within the groove 
may be to prevent the shaft element 12 and the head 14 from 
closing off the light path as the shaft element 12 and the 
head 14 move throughout the cylinder. A further advantage 
of placing the additional light source 18 and the 
additional sensor 20 within the opposing end wall 32 may be 
to obtain an average of two sensor readings which may 
provide greater accuracy in position measurement. In 
addition, the groove 30 may also be placed within the end 
wall 15 with the light source 18 and the sensor 20 placed 
within the groove 30. 

Figure 2 illustrates, in a black box diagram, an 
embodiment of a system 100 of the present invention. The 
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system 100 includes a sensor 102 which may detect the 
intensity of light emitted by the light source 18 within 
the interior of the cylinder 10 that is not absorbed by the 
coatings 19, 21 within the system 100. An output signal 
from the sensor 102 may be transmitted to the processor 104 
for signal interpretation and/or processing. The processor 
104 may determine the position of the shaft 12 or head 14 
within the cylinder 10. 

A display unit 105 may be provided to display the 
absolute or relative position of the sensed shaft 12. A 
printer 106 may also be provided to print the results of 
the absolute or relative position of the shaft 12. 

The processor 104 may be connected to a controller 
108. After the output signal of the sensor 102 is 
processed by the processor 104, a signal may be transmitted 
to the controller 108. The controller 108 may then adjust 
the position of a machine element 110, such as a valve, 
which may affect the movement of the shaft 12 within the 
cylinder 10. The new position of the shaft 12 may provide 
the sensor 102 with a subsequent measurement which may 
eventually be processed by the processor 104 and may 
determine whether the machine element 110 may be adjusted 
to affect the position of the shaft 12 within the cylinder 
10. 

In another embodiment of the present invention, as 
illustrated in Figure 3, a cylinder 150 is provided having 
an interior 151. The cylinder 150 may have a head 152 
which may be connected to a shaft 154. The head 152 and 
the shaft 154 may move within the cylinder 150. The 
cylinder 150 may have a wall 156 at an end 158. The wall 
156 may surround the shaft 154. An aperture 160 may be 
provided in the wall 156. The aperture 160 may enable 



light 157 to enter into the cylinder 150. The light 157 
may be provided by, for example, natural light, such as, 
for example, sunlight, or may come from a light source, 
such as, for example, a bulb, LED, or like source. 
Preferably, the light 157 entering the cylinder 150 
projects in a continuous stream. 

A wall 162 may be provided at an end 164. A sensor 
166 may be adjacent to a center 165 of the wall 162 and 
within the interior 151. Light 157 which may enter the 
cylinder 150 may be detected by the sensor 166. An amount 
of the light 157 detected by the sensor 166 may correspond 
to a position of the head 152 and/or shaft 154 within the 
cylinder 150. In an embodiment, the wall 156 and/or the 
wall 162 and/or the head 152 and/or the shaft 154 and/or 
any other component within the cylinder 150 may have a 
coating which may absorb the light 157 within the cylinder 
150. 

Figure 4 illustrates the cylinder 150 wherein a second 
shaft 168 is connected to the head 152. The aperture 160 
may be positioned at a center 163 of the wall 156. The 
sensor 166 may be located on the wall 162 at a position 
different from the center of the wall 162. Moreover, the 
light 157 which may enter the cylinder 150 may be detected 
by the sensor 166 independent of the positioning of the 
aperture 160 and the sensor 166. 

Figure 5 illustrates the cylinder 150 wherein a magnet 
170, or other magnetizing device may be provided adjacent 
to the head 152. In an embodiment, the magnet 170 may 
surround the cylinder 150 and may be aligned with the head 
152. The magnet 17 0 may provide an attractive force toward 
the head 152. Further, the magnet 170 may be mechanically 
moved and may have an oscillatory motion. As a result, the 
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attractive force of the magnet 170 may effect movement of 
the head 152 within the cylinder 150. The aperture 160 may 
be positioned at any point along the wall 156. Moreover, 
the sensor 166 may be positioned at any point along the 
wall 162. The sensor 166 may detect the light 157 which 
may enter the cylinder 150. 

Figure 6 illustrates the cylinder 150 wherein a fluid 
172 is placed within the interior 151 of the cylinder 150. 
The fluid 172 may be, for example, water, or other 
translucent fluid. Accordingly, the fluid 172 may enable 
the light 157 which may enter the cylinder 150 to travel 
from the end 158 to the end 164. The light 157 may enter 
through a window 161 positioned within the aperture 160. 
The light 157 may then be detected by the sensor 166 to 
determine a position of the head 152 and/or the shaft 154 
within the cylinder 150. 

The aperture 160 and the sensor 166 may allow a 
position of the shaft 154 to be determined based on an 
amount of light 157 detected. Accordingly, use of the 
aperture 160 and the sensor 166 may allow for variants in 
a cylinder. For example, a user may implement different 
sizes, shapes, or colors for the head 152 and/or shaft 154 
or other components of the cylinder 150. The user may also 
implement different frequencies of light 157 and/or 
different types of sensors 166 which may detect various 
frequencies of light 157. The user may also implement 
coatings within the cylinder 150 which may absorb various 
amounts of light 157. In addition, use of a fluid within 
the cylinder 150 may enable the aperture 160 and the sensor 
166 to be used in potentiometer applications, such as, for 
example, devices which may be submersed in a liquid to 
determine a depth of the liquid. 
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Figure 7 illustrates a cylinder 180 which may be 
compressed or elongated. To this end, the cylinder 180 may 
have a wall 182 which may have depressions or ridges 184 
extending from a first end 186 to a second end 188. The 
depressions or ridges 184 within the wall 182 may enable 
the cylinder to be compressed or elongated by application 
of a force against the end 186 and/or the end 188. A light 
source 190 may be attached within the cylinder 180 at the 
end 186. In an embodiment, the light source 190 may be a 
bulb, LED, or like source. In another embodiment, the 
cylinder 180 may have an opening (not shown) which may 
allow light to enter the cylinder 180. Light 192 which 
enters the cylinder 180 may be detected by a sensor 194 
attached within the cylinder 180 at the end 188. An amount 
of light 192 detected within the cylinder 180 may 
correspond to an amount of compression of the cylinder 180. 

Figure 8 illustrates a cylinder 200 which may have a 
curved shape. A shaft or tube 202 may traverse through the 
cylinder 200. The tube 202 may have a sensor 204 attached 
at an end 206 which may detect light 208 which enters the 
cylinder 200. The light 208 may be provided by a light 
source 210, or through an opening (not shown) in the 
cylinder 200, at an end 212. An amount of light 208 
detected by the sensor 204 may correspond with a position 
of the tube 202 within the cylinder 200. 

Figure 9 illustrates a rectangular-shaped cylinder 220 
through which a rectangular-shaped tube 222 may traverse. 
The rectangular shape of the cylinder 220 and the tube 222 
may prevent the tube 222 from rotating within the cylinder 
220 as the tube 222 traverses in and out of the cylinder 
220. A sensor 224 may be attached to the tube 222 at an 
end 226. The sensor 224 may detect light 228 which may 
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enter the cylinder 220 through an opening 230. An amount 
of light 228 detected by the sensor 224 may correspond to 
a position of the tube 222 within the cylinder 220. 

Figure 1 also illustrates a seal 22 which may be 
engaged onto the shaft 12. The seal 22 may be positioned 
near the end wall 15 of the cylinder 10. The seal 22 may 
be made from, for example, rubber. A first brush 26 may be 
positioned near the end wall 15 of the cylinder 10 as 
illustrated in Figure 1. The first brush 26 may be a wire 
brush, preferably made from, for example, steel or any 
other metal or other material known by one of ordinary 
skill in the art. A second brush 28 may also be positioned 
near the end wall 15 of the cylinder 10 diametrically 
opposed to the first brush 26. The second brush may be 
made from, for example, bronze or any other metal or other 
material known by one of ordinary skill in the art. 

The first brush 26 and the second brush 28 may be in 
contact with the surface 24 of the shaft 12. As the shaft 
12 moves laterally through the cylinder 10, the first brush 
26 and the second brush 28 may scrape contaminants, such as 
weld spatter, which may be deposited onto the surface 24 of 
the shaft 12. By scraping contaminants from the shaft 12, 
the first brush 26 and the second brush 28 allow the shaft 
12 to move more efficiently through the cylinder, thus 
providing more accurate position measurements. The coating 
21 on the surface 24 of the shaft 12 may be a nitrile 
coating, a ceramic coating or any other coating known by 
those skilled in the art capable of light absorption and 
also capable of preventing and/or reducing the accumulation 
of contaminants onto a surface 24 of the shaft 12. 

The various embodiments of the present invention may 
be operated by any power supply known by those skilled in 
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the art. In addition, the various embodiments may be 
operated in remote locations through the use of a small 
electric generator, from a pressurized air line, or the 
like . 

5 It should be understood that various changes and 

modifications to the presently preferred embodiments 
described herein will be apparent to those skilled in the 
art. Such changes and modifications may be made without 
departing from the spirit and scope of the present 
10 invention and without diminishing its attendant advantages. 

It is, therefore, intended that such changes and 
modifications be covered by the appended claims. 



